1.. INTRODUCTION {#sec1}
================

Colorectal cancer (CRC) is the third most common cancer worldwide with the incidence of about 1,8 million newly diagnosed cases in 2018 ([@ref1]). According to the World Cancer Report 2014, in Bosnia and Herzegovina 6700 people died of cancer in 2014, and CRC was the cause of mortality in 724 patients (10%) ([@ref2]). Prevention programs including screening, state-of-the-art diagnostic modalities, and therapeutic approaches to CRC are being constantly improved. The modern approach to CRC has been extensively contributed by the development of molecular biology and genetics, which were given impetus by the first Human Genome Project (1990-2003) and its mapping of all human genes. Later discovery of genetic changes in tumors laid the foundation for the development of molecular-based diagnostic imaging and targeted therapies.

*Positron-emission tomography/computed tomography (PET/CT) as a molecular-based imaging modality has been introduced into clinical practice in 2001 ([@ref3]). As a technically integrated system, PET/CT enables imaging of metabolism based on the molecular features of the tissues with its PET component and morphology with its CT component. In the majority of cases, imaging of metabolism is based on glucose as the malignant cells with their defected glucose metabolism produce energy in aerobic glycolysis, and use much more glucose than* the normal cells. Such a discrepancy in glucose consumption enables visualization of malignant tissues on PET/CT using fluodeoxyglucose (18F-FDG), which accumulates more in the malignant tissues in comparison with the surrounding ones. Metabolic and anatomic information provided by an integrated PET/CT scanner is used for answering the specific clinical questions. About 90% of PET/CT studies are oncologic, and detailed guidelines on the clinical settings for imaging exist. PET/CT imaging in CRC is indicated in: (a) staging of patients with metastases suitable for resection, (b) restaging of patients with suspicious recurrence based on rising CEA, radiological findings or clinical symptoms, and (c) assessment of treatment response ([@ref4], [@ref5]).

Carcinoembryonic antigen (CEA) is a glycoprotein that has long been used as a tumor biomarker in detecting recurrent CRC, and the assessment of treatment response. It is also proved to be an independent prognostic marker for CRC in multiple studies ([@ref6]-[@ref8]). Serum CEA levels higher than 5 ng/ml in patients with CRC portend a suspicion of recurrence, and require further evaluation ([@ref9]).

2.. AIM {#sec2}
=======

Our study was designed to address the diagnostic accuracy of 18F-FDG PET/CT in the follow-up of CRC in patients with normal or elevated CEA.

Materials and methods
---------------------

We retrospectively analyzed 50 patients previously diagnosed with CRC who were initially surgically treated. All patients were suspicious of recurrence and were referred to as 18F-FDG PET/CT for restaging between February 2014 and February 2019. Possible recurrence was indicated by rising CEA, equivocal radiological findings, or clinical findings. Inclusion criteria were surgical resection of the primary tumor six or more months before the imaging, pathohistological diagnosis of adenocarcinoma of the colon or rectum, and CEA measured within three months from the imaging. CEA level above 5 ng/ml was considered abnormal. The patients were possibly treated with chemotherapy or radiation six or more months before the study. Exclusion criteria were the lack of follow-up, death of a patient, other colorectal tumors except for adenocarcinoma, and second primary tumor diagnosed.

After the intravenous injection of 337,0 MBq of 18F-FDG and application of an oral contrast agent, all patients were imaged according to the institutional whole-body low-dose imaging protocol with an integrated PET/CT scanner (GE, 610 Discovery, GE Healthcare). 18F-FDG PET/CT images were analyzed visually and semi-quantitatively after reconstruction in axial, coronal, and sagittal projections. For analysis, vendor software (Advantage Workstation, Release 4.6. Software, GE) was used. In PET analysis, a tumor lesion was defined as a focus of increased 18F-FDG accumulation reflecting glucose hypermetabolism in comparison with the surrounding tissues. Benign conditions and physiological activity of 18F-FDG had to be excluded. As the gold standard, pathohistological results or clinical data from the follow-up of at least six months were used. For each lesion, a location and maximum standardized uptake value (SUVmax) were noted. Multiple lesions in one organ were counted as one, and the highest SUVmax per organ was noted.

True positive PET/CT studies demonstrated focal FDG hypermetabolism consistent with recurrence proven by the gold standard. True negative studies demonstrated no FDG hypermetabolism and no structural changes on CT suggestive of recurrence confirmed by the gold standard. In the case of normal PET/CT and serially increasing CEA, colonoscopy, radiological examinations and close follow-up ensued. False-positive studies referred to FDG hypermetabolism in normal anatomic structures, benign lesions, or lesions of inflammatory origin. False-negative studies were considered FDG negative with normal CT but proved positive in the follow-up.

For statistical analysis, MS Excel 2019 and SPSS 21. were used, and the following were calculated for 18F-FDG PET/CT in detecting the recurrence of CRC: sensitivity, specificity, positive predictive value, and negative predictive value. 18F-FDG PET/CT results (positive vs. negative) were associated with the CEA level (normal vs. elevated). Finally, CEA levels were correlated with SUVmax for each lesion. Organ-based and patient-based analysis for recurrence of CRC were also performed.

3.. Results {#sec3}
===========

Total number of 50 patients (25 men and 25 women, mean age 60.7±10.5 years, range 36-80 years) with suspicious recurrent colorectal cancer were included in the study.

*18F-FDG PET/CT. Out of a total of 50 patients for whom the follow-up of at least six months was available, 27 had CRC confirmed with the gold standard, and all 27 patients had 18F-FDG PET/CT positive for recurrence, giving a sensitivity of 18F-FDG PET/CT in detecting the recurrence of CRC of 100.0% (0.0% of false-negative -- FN results). Out of 23 patients with no signs of CRC recurrence on the gold standard, 19 were also 18F-FDG PET/CT negative, giving a specificity of 18F-FDG PET/CT in detecting the recurrence of CRC of 82.6%, and 17.4% of false-positive -- FP results. Out of 31 patients who were 18F-FDG PET/CT positive, 27 had it confirmed pathophysiologically or clinically, giving positive predictive value (PPV) of 18F-FDG PET/CT in detecting CRC recurrence of 87.1%; negative predictive value (NPV) was 100.0%, meaning all 19 patients showing no signs of CRC recurrence when imaged with 18F-FDG PET/CT were gold standard negative as well*.

*CEA. Out of 27 patients whose PET/CT studies were positive on CRC recurrence, 13 had elevated CEA (\>5 ng/ml) giving a sensitivity of elevated CEA in detecting the recurrence of CRC of 48.1% (51.9% of false-negative -- FN results). Out of 23 patients with no signs of CRC recurrence on the gold standard, 19 had normal CEA levels, giving a specificity of elevated CEA in detecting the recurrence of CRC of 82.6%, and 17.4% of false-positive -- FP results. Out of 17 patients with elevated CEA (\>5.0 ng/ml), 13 had it confirmed pathophysiologically or clinically, giving positive predictive value (PPV) of elevated CEA in detecting CRC recurrence of 76.5%; negative predictive value (NPV) was 57.6%, meaning out of 33 patients with CEA levels within the reference range (≤5.0 ng/ml) 19 were gold standard negative as well*.

![Reccurent rectal cancer. Axial PET image in a patient with previously resected rectal cancer demonstrates recurrence manifested as a ring-shaped accumulation of FDG with central hypometabolism (arrow). Axial CT image demonstrates left-sided solid mass in the pelvis growing from the rectal wall (arrow). Fused PET/CT image precisely localize the lesion characterized by central necrosis. Note air-filled rectum and distended urinary bladder. Patient has bilateral nephrostoma to relieve obstruction.](AIM-28-119-g001){#fig1}

Organ-based analysis (n=46) demonstrated recurrence on the following sites: regional and distant lymph nodes 14 (30.4%), liver 10 (21.7%), lung 9 (19.5%), resection site 8 (17.4%), bones 2 (4.3%) and other sites (e.g. peritoneum and subcutaneous tissue) 3 (6.5%). Patient-based analysis (n=27) demonstrated: local recurrence at the resection site 6 (22.2%), liver 5 (18.5%), lymph nodes 3 (11.1%), lung 2 (7.4%) and multiple sites 11 (40.7%). The primary site for disseminated CRC with multiple sites was rectum in 63.6%.

*18F-FDG PET/CT and CEA*. When 18F-FDG PET/CT results (positive vs. negative) were associated with CEA level (normal vs. elevated), a statistically significant association was found to exist (χ^2^(1)=4.53, *p*=0.033).

*CEA and SUVmax. Finally, SUVmax was correlated with CEA on a patient-basis. As the distribution of CEA level was skewed (as showed using Shapiro-Wilk test, p\<0.001), the correlation of these two variables was tested using non-parametric correlation test; it showed statistically non-significant low positive rank correlation (ρ=0.164, p=0.38; n=3I) ([Graph I](#fig2){ref-type="fig"})*.

![Scatter plot of CEA and SUVmax (n=31)](AIM-28-119-g002){#fig2}

4.. DISCUSSION {#sec4}
==============

After the surgical resection of CRC as the primary treatment, the recurrence rate remains high. According to different authors, the recurrence rate reaches 40-50% and is most common in the first two years thereafter ([@ref9], [@ref10]). Rectal carcinoma, stage of the tumor, perforation, and local invasion are all considered positive predictors of recurrence ([@ref11]). For this reason, a close follow-up is mandatory to detect the recurrence as soon a possible. Before PET/CT was introduced into clinical practice, follow-up of CRC was based on serial CEA measurements, colonoscopy, and radiological imaging. CEA measurements have been widely used in the follow-up of CRC, however, their sensitivity and specificity of about 80% and 70% are considered relatively low ([@ref12]). With the state-of-the-art hybrid imaging modalities, new guidelines were brought into practice indicating their use in specific clinical settings.

Earlier studies such as that of Metser et al. ([@ref13]) compared 18F-FDG PET/CT and contrast-enhanced 64-MDCT in the detection of recurrent CRC and concluded that 18F-FDG PET/CT had higher sensitivity, while specificity remained similar. The higher sensitivity of 18F-FDG PET/CT is attributed to its PET component to detect molecular changes in the malignant cells, which precede morphological changes in the tissues. In this way, the occult disease may be detected.

Our study was designed to address the diagnostic accuracy of 18F-FDG PET/CT in the follow-up of CRC in patients with normal or elevated CEA. In a similar study by Ozkan et al. ([@ref10]), which included 76 patients with elevated CEA, the sensitivity and specificity of 18F-FDG PET/CT in the detection of recurrence were 97% and 61%, respectively. A meta-analysis including 510 patients of Lu et al. ([@ref14]) also analyzed patients with elevated CEA imaged on 18F-FDG PET/CT, and the calculated sensitivity and specificity were 94.1% and 77.2%. Sanli et al. ([@ref15]) compared in their study the utility of FDG-PET/CT for detection of recurrent CRC in patients with normal and elevated CEA and concluded that the sensitivity and specificity deferred for these two subgroups, 100.0% and 84.0% for normal CEA group, and 97.1% and 84.6% for abnormal CEA group.

Our results indicate that 18F-FDG PET/CT has sensitivity and specificity of 100.0% and 82.6%, respectively for the detection of CRC recurrence regardless of the CEA level. Such results add up to the body of evidence that supports the clinical usefulness of 18F-FDG PET/CT. Sensitivity depends upon the molecular features of the cells but also on the lesion size. Lower, but still clinically accepted specificity is attributed to increased accumulation of FDG in the normal tissues (e.g. intestinal wall), benign lesions (e.g. polyp, abscess, diverticulitis, fistula), but also other malignant lesions. In our study, false-positive results were caused by a herniated colonic wall, normal rectal wall, and reactive lymph nodes.

To the same end of making a diagnosis of recurrence as early as possible and improve prognosis, Gade et al ([@ref16]) studied a diagnostic value of 18F-FDG PET/CT as the first choice in the detection of CRC recurrence. Their study concluded that 18F-FDG PET/CT could be used as the first choice. In recent years, this has become a practice at our institution, too, with CEA measurements done concurrently. CEA is thought to be the first abnormal test in 38% to 66% of patients who develop recurrence, about 4-6 months before the appearance of clinical symptoms or positive imaging modalities ([@ref17]).

Standard incorporation of SUVmax as the metabolic parameter in the PET/CT reports increases the specificity. Adding another metabolic parameter was proven to further increase specificity ([@ref18]). Attempts have been made in oncological imaging to further increase the specificity by introducing many quantitative PET/CT parameters that characterize the tissues in what is called „a multiparametric approach" ([@ref19]). Such parameters reflect, for example, tumor vascularity or tissue heterogeneity, and present one of the future directions of PET/CT development.

In our study, CEA sensitivity in detecting the recurrence of CRC of 48.1% is considered low. It may partly be attributed to normal CEA levels in the presence of recurrence that may be found after chemotherapy when apoptosis and cell death of malignant cells happen. It may also be the case in poorly differentiated CRCs. However, when 18F-FDG PET/CT results (positive vs. negative) were associated with CEA (normal vs. elevated), a statistically significant association was found to exist (p=0.033). It, once again, highlights the role of CEA in detecting recurrence. In correlation with CEA and SUVmax, a non-significant low positive rank correlation (ρ=0.164, p=0.38; n=31) was found. This result could be attributed to complex and differing factors causing each. Serum CEA level is thought to be influenced by a tumor location, invasiveness of a tumor and tumor burden making more differentiated and left-sided CRCs to cause higher CEA levels. Research of Ozkan et al ([@ref10]) showed no correlation between patients'serum CEA and lesions' SUVmax to exist.

The main limitation of our study is its design as a retrospective study so that not completely the same criteria are followed for each patient, even though every patient met the previously set inclusion criteria for the study.

5.. CONCLUSION {#sec5}
==============

18F-FDG PET/CT proves to be a valid diagnostic tool in detecting recurrence in patients with CRC.
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